Regular monitoring of soil and plants in the surroundings of ¯elazny Most tailings impoundment has been held since 1996. The results presented in this paper refer to potatoes and grains of cereals such as wheat, barley, triticale and oats, which are the most popular crops planted in that area in [2004][2005][2006]. The average content of heavy metals in 2006 in cereals and potatoes was approximately: Cu -3.7 and 1.3 mg kg -1 of fresh mass; Zn -20.6 and 3.5 mg kg -1 ; Pb -0.14 and 0.04 mg kg -1 ; Cd -0.055 and 0.011 mg kg -1 , respectively. All those concentrations are well below threshold limit values accepted in Poland. No significant differences in Cu, Pb and Cd concentrations between the tested cereals were found. Zinc concentration in wheat and oat was significantly lower than in barley and triticale. The copper ore tailings impoundment in ¯elazny Most, although very large, at present has no negative impact on the quality of crops and species of cereals and pasture plants cropped in its surroundings.
INTRODUCTION
Location of the copper industry in the Legnica -G³ogów region decided about the economic structure and directions of regional development. Unfortunately, very intensive expansion of copper mining and smelting industry caused many adverse changes in natural environment (DOBRZAÑSKI, BYRDZIAK 1995) . Conditions of agricultural and forest production deteriorated as a result of air, soil and groundwater pollution (CZABAN et al. 2007 ). Important sources of dust bearing heavy metals are impoundments containing tailings from copper ore enrichment. Fine-grained material can be blown away by wind from dry surfaces of an elevated impoundment, and transported to close surroundings as well as over very far distances. Such dust, having specific chemical composition, influences soils and plants in different ways, leading to disturbances in the life functions of soil microorganisms and cultivated plants.
Trace elements play a significant role in many metabolic processes in plant organisms, but at excessive concentrations, particularly in soluble forms and easily available to plants, can cause phytotoxic symptoms. Plant response to high contamination of soil and air with heavy metals is extremely variable and depends on many environmental factors (KABATA-PENDIAS, PENDIAS 1999 , TURNER 1994 . Soluble and colloidal forms of heavy metals suspended in a soil solution are the most important for plant uptake, and the most important factors influencing their availability are their total concentration and soil reaction (KARCZEWSKA 2002) .
Regular monitoring of soil and plant quality in the surroundings of the largest tailings impoundment located near Rudna, called ¯elazny Most, has been held since 1996 with an aim of evaluating its impact on the environment and people's health (ANGE£OW et al. 2000 , KABA£A et al. 2008 , MEDYÑSKA et al. 2007 . The purpose of the present study has been to asses the quality of potatoes and grain of various cereals cropped in an immediate vicinity of tailings pond, on the basis of the concentration of copper, zinc, lead, and cadmium analyzed in the years [2004] [2005] [2006] .
MATERIAL AND METHODS
The tailings impoundment called ¯elazny Most is located in the agricultural area of three communities: Rudna, Polkowice and Grêbocice in the Lower Silesia region, southwestern Poland. Soils in the surroundings of the impoundment are in general sandy in texture (prevailing sands and loamy sands), with a low or moderate content of organic matter, and nearly neutral soil reaction (ANGE£OW et al. 2000) . In 2004-2007, grain and tuber samples were taken in the phase of consumption ripeness from fields of the villages called Rudna (east of the impoundment) and Tarnówek (west of the impoundment). The quantity of samples of particular plants depended on the actual crop rotation and differed from year to year (Table 1) . Four typical species of cereals (wheat, oat, barley, and triticale) and potatoes were chosen for the assessment. In accord with the reference methods, cereal grain was dried at 20 o C to ca 12% water content, and fresh (not dried) potato tubers were washed and peeled. Additionally, dry mass of samples was determined, after weight stabilization at 105 o C.
Plant samples were ignited at 450 o C and ash was dissolved with concentrated nitric acid. Concentration of copper and zinc in final extracts was measured with the FAAS technique, and concentration of lead and cadmium with the GF-AAS techniques. Accuracy of the measurements was controlled by inclusion of reference plant materials (NIST-RM 8412, IAEA-V-10) with a certified content of the analyzed trace elements.
The environmental risk caused by cadmium and lead to plants was assessed according to European Commission Regulation no 1881/2006 of 19th December 2006, which sets maximum levels of certain contaminants in foodstuff (Polish transcription in Dz.U. UE L364/5). Officially allowed threshold limit values (TLV) of lead and cadmium in potatoes are 0.10 mg⋅kg -1 of fresh mass. In cereals TLV of Pb is 0.20 mg⋅kg -1 and TLV of Cd is 0.10 mg⋅kg -1 (except wheat, where it is 0.20 mg⋅kg -1 ). Copper and zinc concentration in foodstuff is presently not regulated by the European Community. However, for an assessment of potential contamination with these elements, unofficial limit values established by the State Institute of Plant Cultivation, 
Fertilization and Soil Sciences (Pu³awy, Poland) were taken. The limit values of zinc in potatoes were approximated at the level of 20 mg⋅kg -1 of fresh mass and 50 mg⋅kg -1 in cereals, and the limit values of copper were 10 and 20 mg⋅kg -1 of fresh mass, respectively
RESULTS AND DISCUSSION
The average levels of trace metals in 2006 in the analyzed cereals and potatoes were approximated at the level of: Cu -respectively -3.7 and 1.3 mg⋅kg -1 of fresh mass; Zn -20.6 and 3.5 mg⋅kg -1 ; Pb -0.14 and 0.04 mg⋅kg -1 ; Cd -0.055 and 0.011 mg⋅kg -1 . Significant differences in concentrations of trace elements in cereals and potatoes depend mainly on the dry mass content, but could be also associated with plant species and variations, phase of plant growth, concentration of trace element in soil and the local climate (BEDNAREK et al. 2008 , GEMBARZEWSKI 2000 , KABATA-PENDIAS, PENDIAS 1999 , STR¥CZYÑSKI, STR¥CZYÑSKA 2007 . No statistically significant differences in copper, lead and cadmium concentrations between the tested cereals were found. In 2004 higher concentrations of Cu and Pb were determined in barley than in wheat grain, contrary to 2006, when wheat grain contained more Cu and Pb than barley. It seems that the crucial factor is the location of particular crops in the consecutive years. However, no significant relation between the distance to the impoundment and concentration of Cu and Pb in plants or in soils was found. Among the determined trace metals, only zinc concentration in wheat grain was significantly lower in all the years (in a range from 12.8 to 19.4 mg⋅kg -1 ) than in barley and triticale grain (range: 19.4-25.6 mg⋅kg -1 ). Oat grain, which was analyzed only in 2006, contained less zinc than all the other cereals -on average 16.8 mg⋅kg -1 . Zinc concentration in plant material, similarly to Cu and Pb, is not statistically related to the distance to the impoundment or to the metal concentration in soils.
Although the copper level in soils in the immediate surroundings of the impoundment is elevated (ANGE£OW et al. 2000 , KABA£A et al. 2008 , concentrations of this metal in crops cultivated in this area did not diverge from mean values presented by GEMBARZEWSKI (2000) . However, the Cu content in cereals from the nearest vicinity of the impoundment is at least 20% higher than Cu concentrations in crops cultivated on poor, sandy soils prevailing in the nearby counties. The copper level in potato tubers (in consecutive years from 0.8 to 1.3 mg⋅kg -1 of fresh mass) was higher then average values presented by KABATA-PENDIAS and PENDIAS (1999) -0.7 mg⋅kg -1 of fresh mass, but similar to those determined in southeastern Poland, where MIKOS-BIELAK et al. (1996) reported 0.6-1.3 mg⋅kg -1 of fresh mass.
Although zinc concentrations in soils in the surroundings of the impoundment were no higher than in other areas (ANGE£OW et al. 2000) , the content of this metal in the examined cereals, like that of Cu, was ca 15-20% higher than the average reported from this region (KUCHARZEWSKI et al. 2002) . The determined Zn concentrations did not diverge from average Polish and European values presented by KABATA-PENDIAS and PENDIAS (1999) and are significantly lower than those presented by W£AOENIEWSKI (2002) from the Rzeszów region. Zinc amounts in potato tubers (in a range from 2.8 to 3.5 mg⋅kg -1 of fresh mass) were similar to those determined in two regions of southeastern Poland (BEDNAREK et al. 2006 , MIKOS-BIELAK et al. 1996 , and lower than the average in the Lower Silesia region (KUCHARZEWSKI et al. 2002) .
Lead concentration in soils surrounding ¯elazny Most impoundment is relatively low, despite rather high pH values and organic matter content (ANGE£OW et al. 2000) , which may explain low concentrations of the element in cereal grain (0.08-0.34 mg⋅kg -1 of fresh mass). These amounts of Pb are much lower than found in cereals cultivated on contaminated soils near a copper smelter (BOJARSKA, BZOWSKI 1998 , STR¥CZYÑSKI, STR¥CZYÑSKA 2007 and significantly lower than the average content in cereals reported from this part of the Lower Silesia region. Lead concentrations in the analyzed potato tubers (0.01-0.09 mg⋅kg -1 of fresh mass) were similarly lower than the mean 0.41 mg⋅kg -1 , measured in potatoes cultivated on polluted areas of the Lower Silesia region (STR¥CZYÑSKI, STR¥CZYÑSKA 2007) but somewhat higher than in the Lublin region of southeastern Poland (BEDNAREK et al. 2006) .
Concentration of cadmium in the analyzed cereal grain was in the range from 0.02 to 0.20 mg⋅kg -1 (average 0.055 mg⋅kg -1 ). These values, after recalculation per dry mass, are similar to those presented by KABATA-PENDIAS and PENDIAS (1999) from the entire area of Poland, and by BEDNAREK et al. (2008) from the Lublin region, but significantly lower than reported from the Rzeszów region (W£AOENIEWSKI 2000) . Similarly, the contamination of potato tubers with cadmium was very low, with the metal contents in the range from <0.01 to 0.04 mg⋅kg -1 of fresh mass, which was close to results presented by KUCHARZEWSKI et al. (2002) and W£AOENIEWSKI (2000) .
Copper concentrations in the examined cereal grain and potato tubers did not exceed approximately 20% and 13% (respectively) of the appropriate threshold limit values (TLV), and zinc concentrations -51% and 18% of TLV according to KABATA-PENDIAS et al. (1989) . Moreover, cadmium concentrations did not exceed approximately 70% and 39% (respectively), and lead concentrations -85% and 70% of TLV set in Commission Regulation (EC) no 1881/ /2006. Trace metal concentrations in all the tested plant samples were lower than threshold limit values. It means that there are no restrictions for consumption or pasture use of cereals and potatoes planted in the surrounding of tailings impoundment ¯elazny Most.
Several technologies of waste stabilization on drying surfaces had been tested during the nearly 25 years of exploitation of the impoundment to avoid dusting. The presently used technology of tailings stabilization with asphalt emulsion reduces dust emission by 95% as compared to the emission reported in the initial phase of the impoundment exploitation (DOBRZAÑSKI, BYRDZIAK 1995) . Also the regular soil quality monitoring in the vicinity of the impoundment confirms decreasing emission of metal-bearing dust (KABA£A et al. 2008 , MEDYÑSKA et al. 2007 ). The results of our investigation on quality of crops confirm good efficiency of all the actions undertaken in order to reduce the negative impact of the copper ore tailings impoundment on the environment and conditions of agricultural production.
CONCLUSIONS
1. Copper, zinc, lead, and cadmium concentrations in all the tested samples of cereal grain and potato tubers cropped in the surroundings of tailings ¯elazny Most impoundment were similar to concentrations reported from other regions of Poland and did not exceed the threshold limit values for edible plants.
2. No significant differences in copper, lead, and cadmium concentrations in grain were found among the four tested cereal species. Zinc concentration in wheat and oat grain was significantly lower than in triticale and barley grain.
3. No significant statistical relation was found between trace metal concentrations in cereal grain or potato tubers and metal contamination in soils or the distance to the tailings impoundment.
